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concentrate the dilute acids as a unit process toward shating the nitrate poliution problem or as an
intermediate steo in the recovery of the nitric and sulphiudie acids, Results of these preliminary
investigations inaicated that RO was a potential car.didate for Yarger scale application and, therefore,
more detailed work was warranted. Of special inierest was the levelopment of an acid-resistant
membrane to counter the susceptibility of cellulose-acetate to hydrolysis when continuously exposed
in an acidic environment.

isased on the data obtained in the laboratory phase of this study and subject to the data generated
in the pilot plant phase, the following conclusions appear valid:

2. The application of cellulose-acetate and modified sulfonated polyphenylene oxide RO
membrancs as a unit process in the treatment of dilute acid wastewaters generated at RAAP is
technically feasible,

b The concentration of nitric and sulphuric acid at acceptable rates for engineering scale-up
using RO is feasible and attainable.

¢.  The permeation or flux rates attainable in the treatment of RAAP acid wastewaters are
acceptable for engineering scale-up.

d.  Hydrolysis of the cellulose-acetate membrane did not simificantly impair the performance
characteristics of the RO modules.

e.  Acidic corrosion of the metallic components of the RO system can introduce operational
problems that will significantly interfere with the rojeetion and flux rates of the RO membranes,

f.  Continuation of the program into a Phase 11 RO pilot plant operation located at RA AP [or
on-site evaluation and performance documentation and/or verification ix justified.
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PREFACE

The investigation covered in this report was conducted under the authority of
Picatinny Arsenal Pollution \batement Program Procurement/Work Direetive PRON:
GG-325205-01-GG-EF. The period covered is from August 1972 to June 1974,

The work was accomplished by LTC Vineent ). Ciccone under the supervision of
Richard P Schmitt, Chief, Sanitary Scienees Division (SSD) and Kennedy K. Harris,
Chiet, Military Technology Department. Data acquisition was accomplished by James
ML NMeCann and Robert G Ross of S8 Data analysis was carried out by Genevieve
Mever: David B. Seott, Jrocand Arthue Lo Niekless of the Analysis and Programs Division,
USAMERDC.
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THE FEASIBILITY OF CONCENTRATING/SEPARATING DILUTE

NITROCELLULOSE ACID WASTEWATERS BY REVERSE OSMOSIS

. INTRODUCTION

1. Subject. This report covers a Picatinny Arscnal-financed study of the feasi-
bility of membrane technology for the concentration and/or separation of dilute acid
wastewaters,

2. Background. Acid wastewaters are generated in the manufacture of explosives
and propellants. The primary pollutants are nitrates in the form of nitric acid and sul-
fates in the form of sulfuric acid. Nitric acid is generally the nitrating agent used in the
production of such commudities as trinitrotoluene (TNT), nitroglvcerin (NG ), nitro-
ccllulose (NC), and nitroguanidine. Sulfuric acid smooths the nitration reaction and
absorbs the water released by esterification. Pollution results from the numerous rinsings
following the nitration step and also from spills, leaks. and washdown operations from
the manufacturing processes involved in the production of nitric acid and inorganic
nitrates.

IL INVESTIGATION

3. Technical Approach. The beneh scale phase of this project using commercially
available cellulose-acetate RO membranes was designed to demonstrate the feasibility
of concentrating/separating the spent acid wastewaters. The wastewater used in the
expenimental setup was a 3000-gallon batch taken from RAAP’s Nitrocellulose Boiling
Tub Pit. Acid concentrations were as shown in Table 1. The experiment using a process
cvaluation bench scale model with a single spiral-wound module was designed as noted
in Figure 1. No pretreatment. such as pH adjustment, was attempted. nor was it deemed
necessary to filter the water prior to the RO process. Coneurrently with the in-house
work being conducted at USAMERDC, a contract was awarded to the Direct Energy
Conversion Division, General Electric Company . Lynn, Massachusetts to constitute,
cast. and fabricate modified sulfonated polyphenylene oxide (SPPO) RO membranes
which in previous G.E. work had indicated favorable resistance to low pH environments,
Time framings on hotl efforts were such that July 1974 was estimated for on-site pilot
plant studies (at R AAP) to confirm findings obtained in the laboratories. The scale of
the pilot plant operations was designed to be approximately 1000 gallons per day (gpd)
product water,



Table 1. \cid Composihon of Wastewater from
Nitrocellfose Ared Boiling Tub Put
Radford Army A\mmunition Plant*

Concentration (ppm)

Nitrates Sulfates
(NO,) (80,) pil
3200 540 1.4

*Collected July 1973

RO MODULE
q.=f(1)
=-k ﬂ
%
{C'ﬁl L
[«
3
E 9" f(t)
BRINE PRODUCT
TANK (1) TANK (2)
V1,07 V1,1 V2,0 ™" V2.4
C = f(t) c = f(t
1,NO03 2,N04" (1)
C = (1) c = $(t)
1,50, 2,50,

Figure 1. Simplified schematic flow diagram for laboratory setup.



The modeling mathematics of the experiment ase detaked i Appendin |\
This modet was subsequently codedin FORTR AN by the Analvas & Programming
Division (USAMERDC) tor use: on USAMERDC < CDE 6000 dagatal computer. T
program appears as Appendin B Ontput o= availabde m the pranted mode and 1~
CALCOMP plots and print-

A\l sample collection and chemeal analy ws were accomplished by peesonnel
of the SSD.USAMERDC. Nitrate determimations were made using a mtrate specific
ion electrode probe in conjunction with an ey panded scale meter. Sulfate coneentra.
tions were determined using a Hach DR/2 spectrophotometer and the turbidimeteie
method found in APHA Standard Methods. 13t edition.

4. Results. The observed data for this phiase of the: progect are shown i Tables
2 through 6. Nitrate concentrations are designated as IMPURITY 1. waltates as
IMPURITY 2. The product flow rate is reported in Table 6. where the change i volume
of the product t nk »= measured as a function of time. The collected data were analy zeid
and plotted using computer curse fitting techniques and programs. Caleomp plots were
produced and are shown as Figures 2 through 4.

\ second-order polyvnominal curve was used as the data fitting model for the
data reported in Tables 2 through 6. The statistical parameters associated with these
fits were caleulated and are reported in the computer printout attached a~ Appendix C.

Caleulated engineering desian parameters based on <ceond-order canve tits to
the obsrved data, are shown in Table 7.

Caleulated flux rates as a function ol time are shown in Table 8 and the car-
tesar coordinate graph of thes values in Figure 8.

The observed data as reported by General Electrie Company regarding the
modified SPPO membrane performance are shown i Tabile 9.

Figure 5 shows ty preal acid wastewater as generated at R VAP

Figure 6 shows a tvpical section of cellilose acetate RO membrane cut from
the actial module used in this <tudy .

Figure 7 shawea ty pical 2-inch-diameter SPPO RO modide mounted on a
bench scale experimental < tap.
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Table 2. lupurity No. 1 (Nitrates), Brine Tank Concentration vs Time*

Nitrates Cone, (ppm)

Tarn L Run No.

(hr) 1 2 3 4 5
0 2080 2550 2330 2500 2180
R 2080 2500 2310 .8 Lo
i 2030 2460 2360 2420 Ll
0 2027 X0 2190 LA L
8 = 2490 2200 2280 i

1) i Lo 2160 e e
12 e bl 2175 2290 X
14 »e e 2155 e e
lo 0 2320 1990 2190 LA
18 e »n ™ 1825 e
20 bt 2160 1700 e "
0 e » . 1495 e
2‘ »e » * L ] L 2]
26 - J . » 1310
*t vflubose-acetate membeane.
**\a data coliected at this pont.
Table 3. Impurity No. 2 (Sulfates), Brine Tank Concentration vs Time®
= Sulfates Cone. (ppm)

rewer o i Run No.

(hr) | 2 3 4 5
0 3000 590K 5800 6400 6300
2 How 6300 6500 WX &
! 3600 6,200 6600) ) el
6O BN = 8,500 L2 L
8 S 6600 8500 7900 L

l" *8 *# ()0()0 *% *%
[ L i) 9600 9100 ¥
i e e 8800 LAY S
16 ot 9800 9000 11,000 A
14 il S k' 14.000 -
20 e RATLT) 10,500 LAY i
hid i & & 17,000 g
~.) ‘ * & x * #* %
20 L & * ¥ 17,500

*Leliulos g etate metabrans,
> Nosddata codbe s tad ot thie point,
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Table 4. Impurity No. I (Nitrateg), Product Tank Concentration vs Time*

Nitrates Conc. (ppm)

Time Run No.
(hr) 1 2 3 4 5
0 0 0 0 0 0
2 2180 2700 2590 e 2180
4 2170 2730 2610 2850 o
6 2028 "o 2720 b bd
8 * 2800 2670 2850 .
10 *% L 2 2640 L 24 L 2
12 Ll il 2650 2720 v
14 *% L 2 2640 *% *%
16 il 2750 2600 2840 bl
18 *e L X L 2 J 2790 s
20 bt 2860 2210 i e
22 had . * 2770 e
24 *& * * * 8
26 Ve o . . 2930
*Cellulose-acetate membrane,
**No data collected at this point,
Table 5. Impurity No. 2 (Sulfates), Product Tank Concentration vs Time*
Sulfates Conc. (ppn.)
Time Run No.
(hr) 1 2 3 4 5
0 0 0 0 0 0
2 300 700 500 L e
4 200 400 460 680 hd
6 200 *& 480 * % s
8 d 600 470 620 had
1 O * % *¥ 5 l 0 * % ¥
12 bl bl 560 820 L
14 % %" 540 * 8 e
16 e 480 500 850 il
] 8 * % *& L 2 8()() * %
20 A 550 690 b ho
29 *% » » 950 **
24 * % * * *%
26 * » 1550

*Cellubose-acetate membranc,
**No duta collected at this point.
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Table 6. Volume in Prodact Tank s Tine

Volume in Gallons

Time . Rus No.
(hr) ! 2 3 4 5
0 0 0 0 0 0
2 225 23.8 6lL.0 e 25.0
4 45.0 45.0 88.0 35.0 wE
6 7.5 o 104.0 *w b
8 # 70.0 119.0 85.0 M
10 ik *x 1414.0 %% e
12 ik R 163.0 121.0 e
14 L2 *# 182.0 * *#
16 . 145.0 108.0 160.0 180.0
18 = . S 200.0 211.0
20 * 185.5 210.0 g 2350
22 = * 2 235.0 242.0
* Urliulose-acetat membrane .
™ No data collec!~d at this point.
Table 7. Calculated Values for Engineering Design Parameters®*
(Based on second-order curve fits)
Time (hr)
Parameter 0 20 Remarks
Volume 1 345 1254 Brine Tank
(gallons)
Volume 2 0 212 Vi, = 037 + 18t - 3.3
(callons) Product Tank
250, 5640 11096 (SO = 137 + 11t + 5676 | Brine
(N0, 2330 1860 CNO, = =22 + 19t + 2280 | Tank
(jrpmn)
(SO, 2640 500* * Product Tank
(N0, 0 e
(ppm)
pH 1.5%* 1.O** Brine Tank
il 0 1.O%% Product Tauk

* Coelulose-acetals membrane,
** Ax ohserved and recorded -

average valut .



Maai ke o

‘WY SA Yue) 3uliq Ul SAIRMIU JO UOIIRIIUBDUOD) “Z anbiy

(SUNOKH} JMl1

T U U % U O O O S X I L T

y il el - Y n i,

PL/780/00 '31v0
(0321 311 s M
N01)1] tu00ud
I L

‘@) mmenll v u R v el 4 W
T e 80

" Ll M R wANie) ©

- —— - - -
L]

(3N0JJ1D) :¥l¥d v

9

AONLS O¥ ¥3ILUMILSYM QIJY :L1INN °© ’

00°03F°

00

AR ] 3]

03 e

!

p)

00 041
AJlundnl

oo~t‘(c

N'.fl

———

-




I

T

"3U1 SA NUBY AULIQ LY SAIEYNS JO LOIIEAUIILOD) “E 3nbiy

N01)1) w3084
I cou2-Se-2e- It

(SN0H) i)
LR AL T U Uk U O OO U O O O S
8
)
v
[
" .
Y Sl L _tvm
] e - ] « -4
- 3
o S MW..
\\\ [*] - (]
. L G 82
« 0 o
.
b 5%
S
. %
[°ORoEs 0] (600 (ORI * B 1oI0 o811 o on 1981611 4 ® 5
1N i0®) AW Gi1)10Mee o
3 il 1Nl "l Bl ISR Wilkislhl) O M..
: (IN0JJID) :¥iNd i
. AONIS 0N ¥ILuMILSHM Q1Y :LINN ]
&9./60/00 13100
GNO3IIY 3101 ¢ bk

pc - Je1

8



—~w

‘W sA juel 1onpoud ul JWNOA “p anbiy

(SUNOW) i
L Y I S B O U U O S O S T I S I S L S Ty

e i . " e e

» P
a ,\l. .
re .
- T 82o0e°01  1OBTEL - B UUBIETI o o8 1061°8-1 4 &
Vs - (SHI 10N VW4 0):2100
Te "SB! Bl JJNGNY 8] B W8 SR WaBMeibiak; a
.
. (3N0JI1 D) :d1iNd
. AQNLS 0¥ ¥31UMILSUM OIJb :1INN
*L/80/L0 3100 *

(3402310 "J17  JaM
M0JJ1) :wuEd0u4
S 4TSy 2t 1l

00" 92

00° 09

£haodS %] 2uf%dk

00°041 _ 00'%
1890 whey )
Y

00" 9¢ 1

¥

00° 002

00" 982

bo- 097




- ——

Table 8. Caleulated Module Product lon Rate
(gph & GP2D)
(Based on Second-Order Fitted Curve)

Vy, =-0.13t2 + 13t + 3.5

dV; - 0260+ 13
dt
Time Production Rr.te
(hr) gph GF2?D*
0 13.00 9.49
2 12.50 9.13
4 11.96 8.73
6 11.44 8.35
8 10.92 7.97
10 10.40 7.59
12 9.88 7.21
14 9.36 683
16 8.84 6.45
18 8.32 6.07
20 +.80 3.70

*Module surface area = 33 S F.

Table 9. Modified Sulfonated Polyphenylene Oxide Mlembrane Fyaluation

Performance*

Test Time Flux Rejection
Membrane Sample No. (hr) (GF?D) (%)
1 24 30 87
2 20 11 90
3 iv 12 90

Experimental Conditions Were:
Feed: 3000 ppm scid (2000 H, S0, , 1000 1INO, )
Press: 600 psi
Temp: 74°F - 80°F

* As reported by General Flectric Co. under Contract DA AK02-73-C.0407 wath | ~AMERDC.

10
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Figure 5. Typical acid wastewater from RAAP.
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HI. DISCUSSION

3. Discussion. The cellilose acetate membrane eaperiment deseribed carlier was
designed to vield data which could be representative of the module behavior with respect
to ats ability to reject both acid species and to establish its water production or flux rate.
The five runs, as noted in Tables 2 through 6, essentially were deserete repetitions of the
same experiment. An objective in producing these data was to strueture it into a form
which could be aceeptable for engineering design of a larger scaled-up system. The
second-order curves obtained provide these engineering design data when considering
the rate at which the acid species are being affected. Figures 2 and 3 show the nitrate
and sulfate concentrations in the brine tank as funetions of time, The rates al which
these are changing with respect to time are casily obtained by taking the first derivative
of the fitted curvez e dC/dE In this manner, the rates may be computed for any point
i Lismwe within the bounds of the experiment . Sinee we are ultimately interested in de-
sining a fullscale plant, practicality dictates that operation stay within a 24-hour period.
Henee, the apper bond on the curve is valid (e, less than 24 hours) and differentiation
of the curve within these time limits vields rates which may i interpreted as truly indica-
tive of the module performanee. This technique when applied to the perigeate or flux
rate (i Vo /dE Figure 3) of the module integrates the rale over time, giving a more
accurale estimate of this variable as compared to a grab sampling manner of estimation.
Itis noted in this case that flus rate may be deseribed as an unsteady rather than a
steady state condition, and henee time averaging or smoothing is necessary to account
Fow i indserenl sarialions. Given Wiis devived empivical egietion. one giay ien e sdi-
male flux at any given point over the time horizon of interestz e, within a 24-hour
period. Simultancoushy . the rate of concentration (or loss) of the particular acid species
may also be caleulated.

Table T shows the calewlated values for the parameters of interest, after a 20-
hour continuous run, for a single RO spiral-wound module. This peeformanee behavior
was encouraging. especially in light of the pll values, Ny drolysis of the membrane is a
potential failure mode, and it was expected by this investigator that hydroly sis would
ocear. \ rapid means of detecting gross iy droly sis was used throughout the data collee-
tion phase. This involved rinsing the modale with tap water and determining the total
dissolved ~olids (TDS) values of the inlet, product.and retentate streams using a dissolved
solids meter. o cach case, the reported TDS rejection rate was recorded at (on the

average) approximately 90 pereent. This indicated that gross hydrolysis had not oceurred.

\ possible explanation for this favorable behavior may lie in part in the operational mode
followed throughout the experiment. That i, alter approsimately every 8 hours of con-
tinuous operation, a short period of fresh water flushing was accomplished . which in
et h*‘nl’lui to 'I‘Ilndif) th ‘ml“miﬂ'aut ]|H~a 11t abvondition for h}f*hﬂ_\ sis Ao o,
To assume that the membrane pllis consistent with that of the brine or permeate flads

v
4

4

Fe



i~ not necessarily correet. This assumption needs fuether verification and its document-
ation is beyond the scape of this work. The data observed here indicate that there may
be an inconsistenes in the membrane-flaid plEeelationship or that at leasta time-reaction
element condition exists and it plays a significant role in that relationship.

o reviewing the production or flux rates of the module, evalaating the vari-
able dV, /dt for selected Evalaes gives an indication of the commonty obwerved classical
“ouling™ hehavior, The e xact mechenism or cause Tor this pheacinenon will not be
pursucd here, but sulfice it to say that the primary canse was beliesed to be collnidal
materials and fernie onides. The colloidal materiais may have been present in the origi-
mal wastewaters, while the iron oxides may have originated within the experimental sy~
tem due 1o the corrosive activity of the acids upon the metatlic components of the setup.
Inany case. the noteworthy itennis that Figure 8 is representative of statistically ana-
Ivzed values which indicate the recoverability of the flux after repeated experiments or
exposures, That is, the function may be interpreted as being a predictor for aresersible
e degradation of flus overtime (20 hours) when the operational mode inclades peri-
oddie flushing with a fresh water. Given this empirical “engineering data™ and thal
shown in Table 7. the problem of a properly designed RO sy stem capalbile of treating
acih wastewaters can be approached with an encouraging degree of confidence.

10+

5

=
'l

FLUN, | GALLONS /50 FT/ DAY )
3 Ny

w
1

] T T 1
o 5 ] 5 20

TIME [HR35)

Figure 8. Flux (GF2D) vs Time (hr), Cellulose Acetate RO Membrane.
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The data presented on the SPPO membianes (Table 9) showing the flus and
rejection rates, althowgh not given the ty pe ol analy sis as that shown for the cellilos
acetate appear to be most enlighting, 1Uis noted that significant progeess has been made
in the Gk contract, Formubating, casting.and the fabricating of spiral-wound modules
has been completed for extensive testing in the sealed-up pilot plant operadion noted
carlier. During this nest phase, vigoious exposure and analy sis of the obsersed data will
be accomplished on both these SPPO and other cellulose-acetate spiral-wound RO
modules. Therefore, further discassion regarding the SPPO membrane is postponed
until completion of the nest phase of the projedt.

IV, CONCLUSIONS

6.  Conchsions. Based on the data obtained in the laboratory phase of ths
study and subject to that data generated in the pilot plant phase. the following conelu-
sions appear valid:

a.  The application of cellulose-acetate and modified sulfonated poly pheny -
fene onide RO membranes as a unil process in the treatment of dilute acid wastewaters
sencrated at R AP s technically feasible,

b, The concentration of nitrie and sulphurie acid at aceeptable rates for
engineering scale-up using RO is feasible and attainable,

¢.  The permeation or us rates attainable in the teeatment of R AAP acid
wastewaters are acecplable for engineering scabe-up.

d. Hydrolysis of the cellilose-acetate membrane did wot significantly impair
the performance characteristios of the RO modules,

e, Aeidie corrosion of the metallic components of the RO system can intro.
duece operational problems that will significantly interfere with the rejection and flus
rales of the RO membranes,

. Continuation of the progran into a Phase 1HRO pilot plant operation

located at RAAP for on-site evaluation and performance documentation and/or verifica-
tion is justified.

19
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APPENDIX A

REJECTION MODEL MATHEMATICS

RO MODULE

Definitions:

\'1 fluid volume in tank 1
\': = fluid volume in tank 2
G concentration in tank |

C, - concentration in tank 2
2

q fluid flow rate in - dVv K
dt

q. = product flow rate - dV,
dt

ql’ brine tlow rate

)

t time
C €. at1=0
1o 1
/ Fo o at b=
\¥ 10 \ i 1t )
1 - rejection percentage rate



Consider S:ngle Species Only

balance on 1 (s

o - . - & 1 - o )
() aq, =C v, €, ey C) tay (i ) C

1 | 1
balance on 2 13
(2) qp"=(.'2=ql='=C]-ql el RIC
(23) _‘_dvz'CZ:KCJ'KO.Cl
at
from corntinuity: q ° qp *qg (3)
VitV = VlO (4)
Overall balance on the system:
C\V.+ GV, =C Vo (5)
W= 15
Now differentiate (2a) and obtain
at dt
(2¢) =KCl(l-a )
Substitute (6) into (2c)
VadC s GV, - K1 C10Vi0 - €2V [1 -e]
dt dt VlO - v2

Tet !. -_\io- \'2

xn, =1 C d\'ﬂ - | v, . dc,

X IR
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